According to the current paradigm of circumstellar disk evolution, gas-rich primordial disks evolve into gas-poor debris disks composed of second-generation dust. To explore the transition between these phases, we searched for 12 CO, 13 CO, and C 18 O emission in seven dust-rich debris disks around young A-type stars, using ALMA in Band 6. We discovered molecular gas in three debris disks. In all these disks, the 12 CO line was optically thick, highlighting the importance of less abundant molecules in reliable mass estimates. Supplementing our target list by literature data, we compiled a volume-limited sample of dust-rich debris disks around young A-type stars within 150 pc. We obtained a CO detection rate of 11/16 above a 12 CO J=2-1 line luminosity threshold of ∼1.4×10 4 Jy km s −1 pc 2 in the sample. This high incidence implies that the presence of CO gas in bright debris disks around young A-type stars is likely more the rule than the exception. Interestingly, dust-rich debris disks around young FG-type stars exhibit, with the same detectability threshold as for A-type stars, significantly lower gas incidence. While the transition from protoplanetary to debris phase is associated with a drop of dust content, our results exhibit a large spread in the CO mass in our debris sample, with peak values comparable to those in protoplanetary Herbig Ae disks. In the particularly CO-rich debris systems the gas may have primordial origin, characteristic of a hybrid disk.
INTRODUCTION
During their early evolution, newborn stars are surrounded by massive gas-rich circumstellar disks. Most these primordial disks dissipate by the age of 10 Myr (e.g., Alexander et al. 2014) , partly because their material is incorporated to planetesimals and planets. Later, the collisional erosion of the planetesimals may produce fresh dust (Wyatt 2008) . The tenuous debris disk, formed by these second-generation dust particles, may accompany the star almost throughout its life. The transformation from primordial to debris disk is perhaps the most radical change during a disk's lifetime, whose details are still little understood (Wyatt et al. 2015) . The evolution of the dust component is relatively well known, because infrared and submillimeter continuum observations outline how the dust mass decreases with time (Wyatt 2008) . Due to the rarity of gas detections in debris disks, we know significantly less about the gas component. Mature debris disks are expected to have low gas-to-dust ratio, because processes like collisions, sublimation, and photodesorption from icy grains or planetesimals can produce only a small amount of secondary gas and moreover the most detectable species like CO photodissociate rapidly in the interstellar radiation field (Matthews et al. 2014) .
Recent surveys with single dish radio telescopes and the ALMA interferometer identified a growing population of debris disks containing detectable amounts of molecular gas. Detecting rotational transitions of CO molecules, up to now twelve CO-bearing debris disks have been discovered: 49 Cet (Zuckerman et al. 1995) , HD 21997 (Moór et al. 2011) , β Pic (Dent et al. 2014) , HD 131835 (Moór et al. 2015b) , HD 181327 (Marino et al. 2016 ), HD 110058, HD 138813, HD 146897, HD 156623 (Lieman-Sifry et al. 2016 , HD 32297 (Greaves et al. 2016) , η Crv (Marino et al. 2017) , and Fomalhaut (Matrà et al. 2017b ). These disks share several distinctive physical characteristics: most of them are young (<50 Myr), surround A-type stars, exhibit high fractional luminosity, and have a dust component that is relatively cold (<140 K), resembling the Kuiper belt rather than the asteroid belt in Solar System terminology. The gas component may have a secondary origin, being produced from icy material within the planetesimal belt.However, considering the youth of the systems, it may also be the remnant of the protoplanetary disk (primordial origin). There is now proof for secondary gas in four systems: β Pic, (Matrà et al. 2017a) , Fomalhaut (Matrà et al. 2017b ), HD 181327 (Marino et al. 2016) , and η Crv (Marino et al. 2017) . The large amount of gas in HD 21997 and HD 131835 is difficult to explain within the framework of current secondary gas production models (Kóspál et al. 2013; Kral et al. 2017) , raising the possibility that the gas is primordial while the dust is secondary, forming a hybrid disk (Kóspál et al. 2013, Moór et al. in prep.) .
We have only a few constraints on how circumstellar disks reach the gas-poor phase, how closely the gas evolution is coupled to the disappearance of the primordial dust, when the secondary gas production starts, and how long the disk can retain the primordial gas. Motivated by these open questions and to explore the conditions under which a disk could keep its primordial gas component longer, we initiated a systematic investigation of molecular gas in debris disks. We focus on young A-type stars, and determine the incidence and physical parameters of their molecular gas component. Here we report on new ALMA observations of seven disks, which were selected to complete a volume limited sample of dust-rich debris disks around young A-type stars within 150 pc. We targeted all three main CO isotopologues, since 12 CO alone does not provide reliable gas mass estimates if optically thick.
SAMPLE SELECTION
In order to obtain a complete census of all debris systems within 150 pc which are similar to the known CObearing debris disks, we adopted the following criteria:
(1) A-type host star; (2) 5 × 10 −4 < L disk /L bol < 10 −2 , thus the fractional luminosity is higher than the lowest value (in HD 21997) found in any CO-bearing debris disk younger than 50 Myr, but lower than typical values in protoplanetary disks; (3) dust temperature <140 K, to ensure that -similarly to all previous detections -the disks have a cold dust component; (4) ≥70 µm detection with Spitzer/MIPS or Herschel/PACS; (5) age between 10 and 50 Myr. We searched the literature (Ballering et al. 2013; Chen et al. 2014; Melis et al. 2013; Moór et al. 2011 ) and found 17 systems within 150 pc which satisfied these criteria. The age estimates for all systems are well established, being based on membership in young moving groups or associations, except one target, HD 32297. We excluded from this sample those 10 systems where sensitive ALMA observations were already available. The remaining seven disks formed the target list of our dedicated ALMA survey. Remarkably, all these objects belong to the Sco-Cen association. Table 1 gives the main parameters for all 17 sources, including our present targets.
OBSERVATIONS
Our targets were observed with ALMA in Band 6 (project 2015.1.01243.S, PI: M. Curé). Table 2 shows the log of observations. We used identical correlator Note-Column (1): Target name. Column (2): Spectral type (from SIMBAD, except for HD 32297, see Rodigas et al. 2014) . Column (3): Distance (from Hipparcos parallax when available (van Leeuwen 2007), except for HD 121617 and HD 121191, see Lindegren et al. 2016 , and for HD 131488, whose kinematic distance was derived based on its membership in UCL). Column (4): Luminosity. Column Zuckerman & Song (2012) . Column (6): Stellar age. References for age estimates (the age of the corresponding group in case of group members): (1) Bell et al. (2015) ; (2) Kalas (2005) ; (3) Mamajek & Bell (2014) ; (4) Pecaut & Mamajek (2016) ; (5) Torres et al. (2008) . Column (7) setup in each case. Two spectral windows centered at 217 and 233.5 GHz were dedicated to continuum measurements, providing 1875 MHz bandwidth individually. The other two spectral windows were tuned to cover the 12 CO, 13 CO, and C 18 O J=2-1 lines. Observations of the 12 CO(2-1) transition were performed using a window centered at 230.743 GHz with a bandwidth of 468.75 MHz, while the isotopologue lines were measured together in a window centered at 219.492 GHz with a bandwidth of 1875 MHz. The spectral resolutions in the two windows were 244 kHz (0.32 kms −1 ) and 976 kHz (1.33 kms −1 ), respectively.Calibration and imaging were done using the standard ALMA reduction tool Common Astronomy Software Applications (CASA v4.5; McMullin et al. 2007 ). To extract the continuum image and spectral cubes of different lines from the calibrated visibilities, we used the CASA task clean with Briggs weighting using a robustness parameter of 0.5. For the line data, we first fitted a continuum to the linefree channels and subtracted it in the uv space using the uvcontsub task. The continuum image was compiled by concatenating the dedicated continuum spectral windows and line free channels of the other two spectral windows. Beam sizes, position angles, and rms noises are also summarized in Table 2 .
RESULTS
Continuum data. - Fig. 1 presents the 1.3 mm continuum images of our targets. For HD 121191, HD 121617, HD 131488, and HD 98363, we detected significant (peak > 3 σ) signal towards or close to the position of the central star. For HD 109832, the peak emission close to the stellar position is only 2.8 σ. The remaining two objects were undetected. Continuum flux densities of HD 98363 and HD 121191 were determined by fitting a point source to their visibility data using the CASA uvmodelfit task. To derive the integrated flux density of the bright extended disks around HD 121617 and HD 131488 we used the uvmultifit task (Martí-Vidal et al. 2014) to fit a Gaussian ring model to the visibilities. These models also provide structural information on these disks (see Sect. 5). We determined upper limits for the nondetected sources by measuring the flux at random positions in the images in an aperture radius corresponding to 100 au. The measured fluxes and 3σ upper limits are listed in Tab. 2, along with uncertainties containing 10% absolute calibration error added quadratically.
Assuming optically thin emission, the measured flux densities were converted to dust masses using
where d is the distance, B ν (T dust ) is the Planck function at 1.3 mm for a characteristic dust temperature T dust taken from Tab. 1, while κ ν is the opacity at 1.3 mm for which a value of 2.3 cm 2 g −1 was adopted .
For consistency, the dust masses of the other ten disks from Table 1 were also computed using submillimeter/millimeter data collected from the literature and adopting an opacity value of κ ν = 2.3
Taking into account uncertainties in measured flux densities, distances, and dust temperature values, the formal uncertainty of our dust mass estimates are between 11 and 30%. However, there are other factors that can influence the estimates. The emitting dust grains were characterized by a single temperature, that was derived from the analysis of the SED and therefore reflects the temperature of the smallest grains and not of those large ones that we observe at millimeter wavelengths. The latter grains are probably colder, thus, by using the SED-based T dust , we may underestimate the dust mass. Even more serious uncertainty can be related to the adopted κ ν value.
Depending on the chemical compositions, shape, and size distribution of dust grains, the millimeter opacity can vary significantly (Miyake & Nakagawa 1993; Ossenkopf & Henning 1994) , thereby introducing an uncertainty of a factor of several in the calculation. The obtained dust masses are listed in Table 1 .
Line data. -We detected significant CO emission in HD 121191, HD 121617, and HD 131488. We detected all three CO isotopologues in all three targets, except for the C 18 O in HD 121191. Integrating for the velocity ranges where significant line emission can be seen, we calculated zeroth moment maps (Fig. 2 shows these for 12 CO and 13 CO). Next, we determined an aperture which contains all CO flux, measured the integrated line fluxes, and calculated the spectra (Fig. 2) . The spectra with higher signal-to-noise ratio show clear Keplerian profiles. For the non-detections, we used a velocity range of ±5 km s −1 of the stellar radial velocity and an aperture radius corresponding to 100 au to estimate 3σ CO flux upper limits. Our results are displayed in Tab. 2.
For the three detected sources, we estimated the diskaveraged optical depths of the different CO isotopologues, from the measured line ratios. Assuming identical excitation temperatures, emitting regions, and line widths for all isotopologues the ratio of the 12 CO and C 18 O integrated brightness temperatures can be approximated as
1−e −τ 18 and similar formulae can be used for the 13 CO to C 18 O or 12 CO to C 13 O line ratios (see, e.g., Lyo et al. 2011 (Wilson & Rood 1994) , we found the 12 CO line to be highly optically thick (τ 12 > 30) in all three disks. For HD 131488, even the 13 CO line is optically thick with an optical depth of ∼5.7, while for HD 121191 and HD 121617 this line was found to be optically thin. Isotope selective photodissociation, and gas phase ion-molecule reactions may lead to different isotopologue ratios in circumstellar disks than in the local interstellar matter (Visser et al. 2009; Miotello et al. 2014) . For instance, due to these processes, the C 18 O molecules are expected to be underabundant by up to a factor of 10 (Miotello et al. 2014) . It may increase the calculated 12 CO and 13 CO optical depth, potentially questioning our conclusion of the optically thin 13 CO emission in the case of HD 121617.
We used the peak flux values of the optically thick 12 CO data to estimate the gas brightness temperature, and obtained 6 K, 10 K, and 18 K for HD 121191, HD 131488, and HD 121617, respectively. Since the emitting region might be smaller than our beam leading to beam dilution, these values should be considered as lower limits. • 5 −6.
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where m is the mass of the 12 CO molecule, d is the distance of the object, h is the Planck constant. ν ul and A ul are the rest frequency and the Einstein coefficient for the given transition between the u upper and l lower levels, S ul is the observed integrated line flux, x u is the fractional population of the upper level; all these parameters are related to the specific y C z O isotopologue. f12 C 16 O/ y C z O is the abundance of the 12 CO molecule relative to the specific CO isotopologue (we adopted local interstellar ratios, see above). In our observations we detected the J=2-1 transition of the different CO isotopologues. By assuming local thermodynamical equilibrium (LTE) and adopting 20 K for the gas temperature, we determined x 2 from the Boltzmann equation. We used C 18 O for HD 131488 and 13 CO for HD 121191, yielding total CO masses of 8.9±1.5×10 −2 M ⊕ and 2.7±0.9×10 −3 M ⊕ , respectively. In the case of HD 121617 both the 13 CO and C 18 O lines may be optically thin, providing concor- dant CO gas mass estimates of 1.8±0.3×10 −2 M ⊕ and 2.0±0.7×10
−2 M ⊕ , respectively. The quoted uncertainties account only for the errors in the measured line fluxes and in the distances. There could be, however, other sources of uncertainty. Similarly to the dust mass estimate, the gas temperature was characterized by a single value instead of a more realistic temperature distribution. Assuming LTE, the fractional population of the upper J=2 level has a maximum at around our adopted gas temperature of 20 K. Taking temperatures lower than ∼14 K or higher than 20 K we would get lower fractional populations, i.e. higher gas masses. Between gas temperatures of 8 and 48 K, the mass estimate is at most 1.5× higher the one derived for 20 K.
LTE requires a dense medium where the collisions of CO with other particles are sufficiently frequent. In lower density environments, however, radiative excitation can dominate over collisional processes. Such a non-LTE situation can lead to weakly populated levels, even at the J=2 rotational level of the CO molecule, resulting in higher mass estimates. Isotopologue abundance ratios different from the local interstellar values also affect the results. The combination of all these effects may lead to somewhat higher values than our mass estimates in Tab. 1.
Eight out of the other ten disks have been detected in CO lines. For HD 21997, β Pic, and HD 131835, the mass estimates were taken from Kóspál et al. (2013) , Matrà et al. (2017a) , and Moór et al. in prep., respectively. For the other detected targets (49 Cet, HD 32297, HD 110058, HD 138813, HD 156623) we used their measured 12 CO line fluxes (see Tab. 1), and by assuming LTE, we adopted 32 K for 49 Cet (Hughes et al. 2017) , and 20 K for the other sources as the gas excitation temperature in the CO mass calculation. Taking into account that the 12 CO line could be optically thick in these targets and considering the already mentioned caveats about CO mass estimates (see above) we considered our results as lower limits (Tab. 1).
DISCOVERY OF THREE NEW GASEOUS DEBRIS DISKS
HD 131488 -is an A1-type member of the ∼16 Myrold UCL association. Based on its SED, the debris disk has a high fractional luminosity and may contain two belts, the inner one being exceptionally hot (Melis et al. 2013) . This system has the highest dust and CO gas mass among the known gaseous debris disks. The dust emission is elongated in the east-west direction, with a central depression. We fitted the continuum visibilities with the uvmultifit task using a Gaussian ring model (Martí-Vidal et al. 2014) . The best-fit parameters are: total flux of 2.9±0.1 mJy, ring diameter of 1.
′′ 14±0. ′′ 04 (168±6 au), inclination of 82
• , FWHM of the ring thickness of 0.
′′ 30±0. ′′ 08 (44±11 au). The center of the model does not show significant offset from the stellar position. The Figure 2 . ALMA line data for the three CO-bearing disks. The first and second rows show the 12 CO and 13 CO zeroth moment maps, respectively, while the third row displays the CO spectra.
obtained ring may correspond to the cold, outer dust belt inferred from the SED, however, the measured ring radius is 2.7±0.3 times larger than the one computed by assuming blackbody grains based on the stellar luminosity and the dust temperature quoted in Tab. 1. Using a sample of 34 spatially resolved debris disks, Pawellek et al. (2014) studied how the ratios of the measured disk radii to the blackbody radii (Γ = R meas /R BB ) vary as a function of stellar luminosity. By placing our target in their figure 4b (where they calculated Γ similarly to our analysis), we found that the obtained Γ value is higher than any of the other systems with similarly bright host stars, suggesting an overabundance of small grains that are hotter than blackbodies.
HD 121617 -is also an A1-type member of the ∼16 Myrold UCL association. Its SED shows high fractional luminosity and is consistent with a single ring model with T dust =105 K (Moór et al. 2011 ). The continuum image shows an inclined ring-like morphology. The uvmultifit procedure yielded the following parameters: total flux of 1.9±0.2 mJy, ring diameter of 1.
′′ 29±0. ′′ 12 (165±16 au), inclination of 37
• ±13
• , position angle of 43±19
• , FWHM of the ring thickness of 0. ′′ 44±0. ′′ 15 (57±19 au). In this case, the ratio of the inferred radius to the blackbody radius is Γ =2.9±0.4. This Γ value and a stellar luminosity that is higher than that of our previous target, makes HD 121617 an even more prominent outlier in figure 4b of Pawellek et al. (2014) , also implying the presence of copious amount of small grains. Remarkably, by analyzing the characteristic grain sizes relative to the theoretical blowout size in 12 spatially resolved young debris disks, Lieman-Sifry et al. (2016) found that the CO-bearing systems in the sample had grain sizes on the small end of the distribution, and two of them had grain sizes smaller than the blowout size.
HD 121191. -The position and space motion of this A5-type star can be consistent with either the UCL (∼16 Myr) or LCC (∼15 Myr) sub-groups of the ScoCen association (Melis et al. 2013) . Based on its SED, it has a high fractional luminosity and it may also have two belts, the inner one being very hot and bright (Melis et al. 2013) . The weak 1.3 mm continuum emission from this target is unresolved, and its peak is offset from the stellar position toward the SW (∆RA=−0.
′′ 16±0. ′′ 05; ∆Dec=−0. ′′ 17±0. ′′ 05). This may be an axisymmetric ring whose parts remain below the noise level, or may be a ring with highly asymmetric brightness distribution, although contamination by a background source cannot be excluded either. Both 12 CO and 13 CO were firmly detected as compact sources centered on the stellar position. This disk has a lower dust mass than the previous two targets.
MOLECULAR GAS IN BRIGHT DEBRIS DISKS
Until recently, only β Pic and 49 Cet were known as CO-bearing debris disks (Vidal-Madjar et al. 1994; Zuckerman et al. 1995; Roberge et al. 2000) . Later, more such objects were discovered, and the first statistical studies could be done (Lieman-Sifry et al. 2016; Greaves et al. 2016; Péricaud et al. 2017 ). Our present list partly incorporates these earlier samples, and extends them to a full list of 17 dust-rich debris disks in the Solar neighborhood (Sec. 2). In Fig. 3a we display the 12 CO 2-1 (or 12 CO 3-2 for HR 4796) line luminosities (or upper limits), as a function of fractional luminosity for our sample. Line luminosities of detected CObearing disks span almost two orders of magnitude, the brightest disks have luminosities comparable to those of fainter Herbig Ae and T Tauri disks (Ansdell et al. 2016; Péricaud et al. 2017) . Since the sensitivity of the HR 4796 observation is nearly two orders of magnitude worse than that of the other measurements, we discard this object from the following analysis, reducing the size of our statistical sample to 16. For the other objects, adopting the highest upper limit (source no. 7) in Fig. 3a , we derived a detectability threshold of ∼1.4×10 4 Jy km s −1 pc 2 for the 12 CO 2-1 line luminosity. With our three new discoveries, we found 11 disks in this sample that harbor CO gas, resulting in a very high detection rate of 68.8 +8.9 −13.1 %. Because of the small sample, we computed the uncertainties (corresponding to 68% confidence interval) using the binomial distribution approach proposed by Burgasser et al. (2003) . Our result indicates that the presence of CO gas in dust-rich debris disks around young A-type stars is likely more the rule than the exception. The obtained incidence rate of 11/16 is valid above our detectability threshold for the 12 CO J=2-1 line luminosities. Nevertheless we cannot rule out that all of our targets harbor CO gas at some level. Remarkably, as Fig. 3a shows, apart from HR 4796, all disks with L disk /L bol > 2 × 10 −3 , contain detectable levels of CO gas.
Dividing our list into two subsamples that contain stars having lower and higher luminosity than 10 L ⊙ , we get CO detection rates of 62.5 To compare with debris disks around later type stars, we collected previous ALMA results for those young (10-50 Myr) debris disks that encircle F-and G-type stars, but otherwise fulfill our original selection criteria (Sec. 2) and their ALMA measurements achieved the same detection threshold (∼1.4×10 4 Jy km s −1 pc 2 ) as that of our A-type sample. We found 16 such systems: 14 belonging to the Sco-Cen association (Lieman-Sifry et al. 2016) , and two young moving group members, HD 61005 and HD 181327 (Olofsson et al. 2016; Marino et al. 2016) . From the FG stars, two objects were found to harbor CO gas (HD 181327 and HD 146897). However, with its 12 CO 2-1 line luminosity of ∼10 3 Jy km s −1 pc 2 (based on Marino et al. 2016 ), HD 181327 is at least an order of magnitude fainter than any of the other known gaseous disks from the studied samples. Its detection was only possible because of its proximity and the long exposure time. Such a faint CO disk would not be detectable at any objects in the A-type sample, therefore this source was discarded from the following analysis, yielding a detection rate of 6.7 +12.5 −2.2 % for disks around young FG-type stars. By applying a Fisher's exact test to compare the occurrence of CO-bearing disks in the two samples, we obtained a p value of 6.4×10 −4 , implying a statistically significant difference between dustrich debris disks around young A-type and FG-type stars above our detectability threshold. This suggests that either the incidence of CO gas is truly lower around young FG-type star than in A-type systems, or the CO line luminosities are systematically lower. The reason for the latter may be related to lower CO gas content and/or weaker population of the J=2 rotational level due to less efficient excitation (in optically thin case), or systematically lower CO temperatures and/or disk sizes (in optically thick case).
In Fig. 3bc , we plotted M dust and M CO versus age for CO-bearing debris disks. To study the transition between primordial and debris disks we also plotted some Herbig Ae/Fe systems with CO isotopologue observations from the literature. There is a pronounced drop in dust mass from primordial to debris disks (see also, 12 CO 2-1 (3-2 for HR 4796) line luminosity for the selected 17 bright debris disks as a function of fractional luminosity. For the sake of compatibility with previous works, integrated line fluxes normalized to 100 pc are also drawn. Our current seven targets are marked by red symbols. Sources with no CO detection are displayed with smaller symbols. b) Dust masses of circumstellar disks derived from observed (sub)millimetre fluxes towards disks around some selected Herbig stars (gray squares), and CO-bearing debris disks. For consistency, millimeter fluxes of Herbig disks (taken from Raman et al. 2006; Isella et al. 2007; Chapillon et al. 2008; Öberg et al. 2010; Ansdell et al. 2016; Péricaud et al. 2017) were converted to dust masses by adopting an opacity of κν = 2.3 ν 230 GHz 0.7 and a dust temperature of 50 K. c) CO gas masses derived from optically thin 12 CO or CO isotopologue ( 13 CO, C 17 O or C 18 O) line observations for the same objects. To compute CO masses for Herbig sample, we assumed LTE and a gas excitation temperature of 50 K. CO isotopologue data are from Rosenfeld et al. (2013) ; Guilloteau et al. (2013 Guilloteau et al. ( , 2016 ; Ansdell et al. (2016); Fedele et al. (2017) . Roccatagliata et al. 2009; Panić et al. 2013) . In CO gas mass, however, debris disks show a significantly larger spread. Four gaseous debris disks -HD 121617 and HD 131488 from our current sample, as well as HD 21997 and HD 131835 -harbor comparable amounts of CO to that of the two least massive Herbig disks in the figure. For these disks, our ALMA CO isotopologue observations revealed 30-250× more CO gas than that calculated from 12 CO measurements (using an optically thin assumption), highlighting the importance of less abundant molecules in reliable mass estimates.
While the gas in the disk of β Pic, and around the two F-type hosts is secondary (Kral et al. 2017; Marino et al. 2016; Matrà et al. 2017a) , the presence of significantly larger amounts of CO gas at HD 21997 and HD 131835 indicates that these systems may have hybrid disks, where the gas is leftover from the primordial phase (Kóspál et al. 2013; Kral et al. 2017, Moór et al. in prep.) . The likely existence of hybrid disks would be a strong indication that in some systems the evolution of dust and gas, at least in the outer disk, is decoupled. By exhibiting CO masses similar to that of HD 21997 and HD 131835, the three newly discovered CO-bearing disks, particularly HD 121617 and HD 131488, could be prime hybrid disk candidates. The origin of gas in these systems, along with their detailed morphological analysis, will be the topic of a next paper. Four gaseous systems, 49 Cet, HD 32297, HD 138813, and HD 156623 have similar 12 CO 2-1 line luminosity to the above subsample, therefore their current CO mass estimates should be considered as lower limits. The origin of gas in these systems is not known. Further observations at CO isotopologue lines might reveal that some of them may exhibit hybrid nature as well. If the disks with the highest 12 CO line luminosities in Fig. 3a indeed turn out to be hybrid disks, it would indicate a strong link between the hybrid disk phenomenon and young A-type stars. If this link is exclusive, then it could help to understand why we detect a lower number of gaseous debris disks around FG-type stars above our current detectability threshold.
